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BACKGROUND 

The present invention relates generally to data distribution systems and 
methods, and more particularly, to an improved rain fade mitigation method and data 
distribution system that distributes data to personal computers. 

The assignee of the present invention has developed a satellite-based data 
distribution system that is used to distribute data from content providers to client 
personal computers by way of a satellite. This system must reliably operate in the 
presence of rain. 

One currently deployed data broadcasting system, known as the DirecPC™ 
system developed by Hughes Network Systems, for example, is believed to provide for 
rain fade mitigation. However, the specifics of the rain fade mitigation is not known. 
However, such rain fade mitigation is not as critical when transmitting video data. This 
is because in most cases, the loss of data typically does not result in a complete 
interruption in transmission. If some data is lost during transmission, the video image 
may be deteriorated, but the eyes and brain integrate what is displayed making the data 
loss relatively unnoticeable. 

It would be an improvement to have a rain fade mitigation method and one way 
data distribution system that operates in a rain fade environment. It would also be an 
improvement to have a rain fade mitigation method and one way satellite-based data 
distribution system that distributes data to personal computers in a rain fade 
environment. 
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SUMMARY OF THE INVENTION 

The present invention provides for a rain fade mitigation method and data 
distribution system, such as an RF or satellite-based data distribution system, that 
provides improved performance when the system operates in a rain fade environment. 
The present invention may be used with any microwave RF transmission system in 
which rain events degrade or attenuate the communications signal. Typical systems 
include satellite-based communications, and the like. 

In a first embodiment, the system includes a transmitting processor that 
processes data packets comprising data to be transmitted. A data distribution system is 
used to transmit the data packets to one or more receivers located at remote locations. 
The data distribution system is used to transmit the data a first time. The data is then 
transmitted a second time after a time delay that is nominally equal to the duration of an 
average rain event. This time is on the order of 20-30 minutes. The receivers receive 
the data packets and recover the originally transmitted data. 

In a second embodiment, the transmitting processor also comprises forward 
error correction processing software that adds forward error correction bits to data 
packets containing the data to be transmitted. The data distribution system is used to 
transmit the data packets to one or more receivers located at remote locations. The 
packets are transmitted two or more times with a time delay between transmissions that 
is nominally equal to the duration of an average rain event. The receivers receive the 
transmitted packets, and also comprise forward error correction software that processes 
the received data packets to reconstruct the original data. The number of forward error 
correction bits added to each packet is configurable, and is typically up to about fifty 
percent of the number of bits in the data packet. 

In a third embodiment, the data packets include forward error correction bits and 
are transmitted one time at a relatively slow transmission rate. The data transmission 
rate is chosen so that the time required to transmit the data to the receiver is greater than 
or equal to the time necessary to transmit the data plus the amount of time equal to an 
average rain fade event (20-30 minutes). 

The approaches implement by the present invention provide for more efficient 
overall data transfer and the ability to transfer large data files more efficiently than 
previous systems. The use of additional forward error correction bits (overhead) in the 
data packets transmitted to the client personal computers also allows the system to have 
a reduced bandwidth and reduced data transmission rate. 

The present invention may add up to fifty percent additional overhead to the data 
packets. This allows the loss of fifty percent of the data while still allowing the data to 
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be recovered at the client personal computers. This technique ensures reception of the 
transmitted data in a rain fade environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the present invention may be more 
readily understood with reference to the following detailed description taken in 
conjunction with the accompanying drawings, wherein like reference numerals 
designate like structural elements, and in which: 

Fig. 1 illustrates an exemplary satellite-based data broadcasting system for 
distributing data to personal computers; 

Fig. 2 illustrates a first exemplary embodiment of a rain fade mitigation method 
in accordance with the principles of the present invention; 

Fig. 3 illustrates a second exemplary embodiment of a rain fade mitigation 
method in accordance with the principles of the present invention; and 

Fig. 4 illustrates a third exemplary embodiment of a rain fade mitigation method 
in accordance with the principles of the present invention. 

DETAILED DESCRIPTION 

Referring to the drawing figures, Fig. 1 illustrates an exemplary satellite-based 
data broadcasting system 10 in which rain fade mitigation methods 30 (Figs. 2-4) in 
accordance with the principles of the present invention may be employed. The system 
10 is designed to distribute data derived from a transmitting processor 1 1 by way of a 
data distribution system 20 to one or more client personal computers 15 (or server 
computers 15) that are remotely located from the transmitting processor 11. The data 
distribution system 20 may comprise an RF or satellite-based data distribution system, 
for example. Fig. 1 illustrates a typical satellite-based data distribution system 
employing a satellite 13. 

The transmitting processor 1 1 may include forward error correction (FEC) 
processing software that is used to add forward error correction bits to data packets 
containing data to be transmitted. The data distribution system 20 comprises a 
transmitter 12 that is part of or coupled to the transmitting processor 1 1 and that is used 
to transmit, or uplink, the packets containing the data (and forward error correction bits) 
to the satellite 13. The satellite 13 retransmits, or downlinks, the data packets to one or 
more receivers 14 that are respectively coupled to or are contained in one or more client 
personal computers 15. When error correction bits are added to the data prior to 
transmission, the receivers 14 or client personal computers 15 include forward error 
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correction software that processes the received data packets to reconstruct the original 
data. 

Details of the various systems 10 and methods 30 of the present invention will 
be described in more detail with reference to Figs. 2-4. Fig. 2 illustrates a first 
exemplary embodiment of a rain fade mitigation method 30 in accordance with the 
principles of the present invention. The first exemplary rain fade mitigation method 30 
comprises the following steps and is implemented in the system 10 as follows. 

In the first embodiment of the method 30 and system 10, the transmitting 
processor 1 1 processes the data to form 31 data packets containing data to be 
transmitted. The data distribution system 20 is used to transmit 32 the data packets a 
first time to one or more receivers 14 that are respectively coupled to or are contained in 
one or more client personal computers 15 (server computers 15) located at remote 
locations. The receivers 14 receive 33 the transmitted data packets. The data 
distribution system 20 is used to transmit 34 the data packets a second time after a time 
delay having a specified duration that is related to a rain fade event and which is 
sufficient to allow data reconstruction in the presence of the rain fade event. The 
average time delay is typically on the order of 20-30 minutes. The delay is adjusted to 
account for local rain conditions. The receivers 14 receive 35 the data packets that were 
transmitted the second time. The receivers 14 or client personal computers 15 process 
the data packets transmitted both times to recover or reconstruct 36 the originally 
transmitted data. 

In a second embodiment of the system 10 and method 30 illustrated with 
reference to Figs. 1 and 3, the transmitting processor 1 1 processes the data to form 3 1 
data packets containing data to be transmitted and further comprises forward error 
correction processing software that adds forward error correction bits to the data 
packets that are to be transmitted. The data distribution system transmits 32 the data 
packets a first time to one or more receivers 14 that are respectively coupled to or are 
contained in one or more client personal computers 15 located at the remote locations. 
The data packets containing the data and forward error correction bits are transmitted 

32, 34 a second time after a time delay having a duration that is related to a rain fade 
event and which is sufficient to allow data reconstruction in the presence of the rain 
fade event. The delay is adjusted for local rain conditions. The receivers 14 receive 

33, 35 the transmitted packets, and the receivers 14 or client personal computers 15 
also comprise forward error correction software that processes the received data packets 
to reconstruct 36 the original data. The number of forward error correction bits added 
to each packet is configurable, and is typically up to about fifty percent of the number 
of bits in the data packet. 
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In a third embodiment of the system 10 and method 30 illustrated with reference 
to Figs. 1 and 4, the transmitting processor 1 1 processes the data to form 3 1 data 
packets containing data to be transmitted and further comprises forward error correction 
processing software that adds forward error correction bits to the data packets that are to 
be transmitted. The data packets are transmitted 32 one time at a relatively slow 
transmission rate. The data transmission rate is chosen so that the time required to 
transmit the data to the one or more receivers 14 or client personal computers 15 is 
greater than or equal to the time necessary to transmit the data plus the amount of time 
having a duration that is related to a rain fade event and which is sufficient to allow data 
reconstruction in the presence of the rain fade event. The time delay corresponding to 
an typical rain fade event in many parts of the United States is on the order of 20-30 
minutes. Of course, the delay is adjusted for local rain conditions. The receivers 14 
receives 33 the transmitted packets, and forward error correction software contained in 
the receivers 14 or client personal computers 15 processes the received data packets to 
reconstruct 36 the original data. 

Typically, the additional forward error correction bits that are added to the data 
packets are on the order of fifty percent of the data bits in each packet. However, it is 
to be understood that the overhead provided by the additional forward error correction 
bits is configurable depending upon the application and the amount of rain fade 
mitigation that is required. 

Assuming, for example, that fifty percent overhead is added to the data packets, 
and one third of the data in each packet comprises forward error correction bits, up to 
fifty percent of the transmitted data may be lost due to the effects of rain, and the 
original data may still be reconstructed. If the data is transmitted over a one hour period 
and a rain storm lasts 20 minutes, all of the original data may be reconstructed. The 
present invention thus ensures reception of the transmitted data in a rain fade 
environment. 

Thus, rain fade mitigation systems and methods for use in data distribution 
systems have been disclosed. It is to be understood that the described embodiments are 
merely illustrative of some of the many specific embodiments that represent applications 
of the principles of the present invention. Clearly, numerous and other arrangements 
can be readily devised by those skilled in the art without departing from the scope of the 
invention. 
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CLAIMS 

What is claimed is: 

1. A data broadcasting system for distributing data to one or more remote 
locations in a rain fade environment, comprising: 

a transmitting processor for forming data packets comprising data to be 
transmitted; 

a data distribution system for transmitting the data packets at least two times to 
one or more receivers located at remote locations, which times are separated by a time 
delay having a duration that is related to a rain fade event, which time delay is sufficient 
to allow data reconstruction in the presence of the rain fade event; and 

the one or more receivers receiving the data packets and processing the data 
packets transmitted the at least two times to reconstruct the originally transmitted data. 

2. The system recited in Claim 1 wherein the data broadcast system comprises a 
satellite. 

3. The system recited in Claim 1 wherein the data broadcast system comprises 
an RF data broadcast system. 

4. The system recited in Claim 1 wherein the data packets contain data to be 
transmitted and forward error correction bits. 

5. The system recited in Claim 4 wherein the data broadcast system comprises a 
satellite. 

6. The system recited in Claim 4 wherein the data broadcast system comprises 
an RF data broadcast system. 

7. The system recited in Claim 4 wherein the number of forward error 
correction bits added to each packet is configurable. 

8. A data broadcast system for distributing data to one or more remote locations 
in a rain fade environment, comprising: 

a transmitting processor for forming data packets comprising data to be 
transmitted and forward error correction bits; 
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a data distribution system for transmitting the data packets to one or more 
receivers located at remote locations, which data packets are transmitted at a relatively 
slow transmission rate such that the time required to transmit the data to the one or more 
receivers is greater than or equal to the time necessary to transmit the data plus an 
amount of time sufficient to allow data reconstruction in the presence of a rain fade 
event; and 

the receivers receiving the data packets and processing the received data packets 
using forward error correction processing to reconstruct the original data. 

9. The system recited in Claim 8 wherein the data broadcast system comprises a 
satellite. 

10. The system recited in Claim 8 wherein the data broadcast system comprises 
an RF data broadcast system. 

1 1 . The system recited in Claim 8 wherein the number of forward error 
correction bits added to each packet is configurable. 

13. A rain fade mitigation method for distributing data to one or more remote 
locations in a rain fade environment, comprising the steps of: 

forming data packets comprising data to be transmitted; 

transmitting the data packets at least two times to one or more remote locations, 
which times are separated by a time delay having a duration that is related to a rain fade 
event, which time delay is sufficient to allow data reconstruction in the presence of the 
rain fade event; 

receiving the data packets at the one or more remote locations; and 
processing the received data packets at the one or more remote locations to 
reconstruct the data. 

14. The method recited in Claim 13 wherein the number of forward error 
correction bits added to each packet is configurable. 

15. The method recited in Claim 13 wherein: 

the step of forming data packets comprises the step of forming data packets 
containing data to be transmitted and forward error correction bits; 
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the step of transmitting the data packets comprises the step of transmitting the 
data packets and forward error correction bits at least two times to one or more remote 
locations; 

the step of receiving the data packets comprises the step of receiving the data 
packets and forward error correction bits at the one or more remote locations; and 

the step of processing the received data packets comprises the step of forward 
error correction processing the received data packets and forward error correction bits at 
the one or more remote locations to reconstruct the original data. 

16. The method recited in Claim 15 wherein the number of forward error 
correction bits added to each packet is configurable. 

17. A rain fade mitigation method for distributing data to one or more remote 
locations in a rain fade environment, comprising die steps of: 

forming data packets comprising data to be transmitted and forward error 
correction bits; 

transmitting the data packets and forward error correction bits to one or more 
remote locations, which data packets are transmitted at a relatively slow transmission 
rate such that the time required to transmit the data to the one or more receivers is 
greater than or equal to the time necessary to transmit the data plus an amount of time 
sufficient to allow data reconstruction in the presence of a rain fade event; 

receiving the data packets and forward error correction bits at the one or more 
remote locations; and 

forward error correction processing the received data packets and forward error 
correction bits to reconstruct the original data. 

18. The method recited in Claim 17 wherein the number of forward error 
correction bits added to each packet is configurable. 
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RAIN FADE MITIGATION IN A 
DATA TRANSMISSION SYSTEM 

ABSTRACT 

Rain fade mitigation methods and data broadcast systems that provide improved 
performance in a rain fade environment. The systems distribute data derived from a 
transmitting processor by way of a data distribution system to one or more receivers 
located at remote locations. The transmitting processor may include forward error 
correction processing software that is used to add forward error correction bits to data 
packets to be transmitted. When error correction bits are added to the data prior to 
transmission, the receivers include forward error correction software that processes the 
received data packets to reconstruct the original data. Data packets with or without 
error correcting bits may be transmitted two times to the remote locations, which times 
are separated by a time delay having a duration that is related to a rain fade event, which 
time delay is sufficient to allow data reconstruction in the presence of the rain fade 
event. The data packets may also be transmitted to the remote locations at a relatively 
slow transmission rate such that the time required to transmit the data to the one or more 
remote locations is greater than or equal to the time necessary to transmit the data plus 
the amount of time equal to an average rain fade event. The data packets are received at 
the remote locations and appropriately processed to reconstruct the original data. 
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